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INFORMATION TECHNOLOGY’S IMPACTS ON 
PRODUCTIVITY, WELFARE AND SOCIAL CHANGE: SECOND 
VERSION 
Abstract 
There has been a rapid increase in global expenditure on information technology and 
there is still much to learn about its effects on productivity, welfare and social change. 
At the macro-level, it has been estimated that Internet-related value accounts for as 
much as 7% of GDP of some OECD economies. As discussed, two basic methods have 
been used to estimate the contribution of ICT to the growth in GDP and labour 
productivity. Estimates of these vary considerably but it seems that the consensus is that 
ICT’s contribution is positive. However, whether it is increasing is disputed. Currently, 
GDP is expected by some economists to increase by about 1% for a 10% rise in ICT-
capital. All industries have had added value as a result of the introduction of ICT but the 
overall aggregate effect is largest for the tertiary (service) sector. It is shown how the 
Internet can increase economic productivity (1) by reducing input costs and (2) raising 
allocative efficiency within enterprises. Other ways in which Internet access can 
increase economic welfare are via reduced market transaction costs and a decline in 
material and transport costs as well as by increasing the variety of available 
commodities. These aspects are analyzed and discussed critically. Attention is also 
given to the employment consequences of the use of ICT, associated health issues, and 
the impacts of ICT on social interaction and the environment. It is suggested that the use 
of the Internet for consumption may exceed it use for production. Additional matters 
touched on are the consequences for economic performance of ICT in education and 
research and in the health industry, as well as the comparative benefit of ICT to rural 
residents compared to city-dwellers. In conclusion, it is noted that not all IT depends on 
the Internet and that non-Internet IT has had little economic attention. 
Keywords: economic welfare, education and ICT, ICT, information technology, 
Internet, market transaction costs, productivity, social change. 
JEL classifications: O3, D2, D6  
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INFORMATION TECHNOLOGY’S IMPACTS ON 
PRODUCTIVITY, WELFARE AND SOCIAL CHANGE: SECOND 
VERSION 
1. Introduction 
Within a relatively short period of time, use of modern information and communication 
technology (ICT) has become widespread and its use is continuing to grow at a rapid 
rate. According to one account, total global expenditure on IT is increasing at 5% per 
year and consequently, is doubling every 15 years (Anon, 2014). It accounts for large 
and growing proportion of the budget of companies and other organizations such as 
government bodies (Anon, 2014) and educational institutions as well as that of many 
consumers. 
Despite the pervasiveness of ICT, its impacts on productivity are imperfectly known 
and views differ about its effects on human welfare and social change. The purpose of 
this article is to outline and discuss broad views about these subjects. First, macro-level 
impacts of ICT on economic activity and productivity will be considered and then these 
effects at the micro-level and industry-level will be discussed. In doing so, attention is 
given to the economic efficiency consequences of the adoption of ICT. Consideration is 
subsequently given to additional welfare consequences of the diffusion of ICT and its 
genesis of social changes. 
Measuring the magnitude of ICT as an input in any economy is very challenging. Many 
studies measure this input focusing on the level of ICT-capital, as proxied by 
accumulated investment in Internet-related commodities. This is difficult to measure 
accurately. Furthermore, not all ICT is Internet-related. Both capital costs and operating 
costs are involved in the use of ICT within organizations and both need to be taken into 
account in considering its contribution to productivity. Sometimes, only estimates of 
ICT-capital are taken into account in macroeconomic studies of this subject. Additional 
quantitative measures (indices) of the Internet as an input to economic activity continue 
to be developed based on the degree of access to the Internet (OECD, 2013). 
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2. Macro-level Impacts of ICT on Economic Activity and Productivity 
Estimates are available of Internet-related value added for several economies but as 
pointed out by the OECD (2013), the ‘results should be treated cautiously’ because the 
methodologies used are often unclear, may differ between studies and the input data are 
usually not made available. Nevertheless, these results may be of some comparative 
value. Estimates are not available for all countries but the largest proportionate 
contribution to GDP of Internet-related value added appears to be for the United States 
and the United Kingdom at around 7.2%. The estimate for Australia is 3.6%, slightly 
higher than for Germany but lower than for several European countries and for Hong 
Kong (see Table 1). The Australian estimate is based on a similar approach to that of the 
Boston Consulting Group (OECD, 2013, p. 21). 
 
Table 1: Estimates of the percentages added to GDP by Internet-related value 
for various economies 
 
Original source Economy % of GDP 
Koutroumpis (2009) USA ≤ 7.2 
Boston Consulting Group (2010) UK 7.2 
Boston Consulting Group (2011) Sweden 6.6 
As above Hong Kong 5.9 
As above Denmark 5.8 
As above Netherlands 5.8 
Deloitte Access Economics (2011) Australia  3.6 
Boston Consulting Group (2011) Germany 3.4 
As above Italy 1.9 
As above Turkey 1.4 
Source:  Based on OECD (2013, Table 2, p. 20 and p. 39) 
 
While the estimates in Table 1 indicate the importance of Internet-related activities as a 
contributor to aggregate economic activity, they do not provide a measure of the 
contribution of ICT to productivity. At the macro-level, two different types of 
approaches have been used to estimate the contribution of ICT to productivity. These 
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are non-parametric approaches and parametric ones. The former is based on extensions 
of Solow’s modelling of the impact on aggregate production of technical change 
(Solow, 1957). Assuming the existence of a Cobb-Douglas aggregate production 
function, this method divides increases in aggregate production per hour worked into 
that associated with rises in ICT capital and non-ICT capital, labour quality change and 
a remainder or a residual. The residual identifies growth in productivity which is faster 
than the growth rate of all combined inputs in the economy. It is identified as Total 
Factor Productivity, and its increased value represents the increase in productivity that 
cannot be assigned to a change in specific factors of production. 
Venturini (2009) uses this method to estimate production functions for the US and 15 
EU nations based on data for the period 1980-2004. He concludes that ICT technology 
was a significant driver of economic growth and increased productivity in this period. 
He finds that in the overall sample, increased ICT capital contributed a slightly larger 
amount to economic growth in GDP and productivity than rises in non-ICT capital. 
ICT’s contribution to economic growth was larger in the US than for any of the other 
countries in Venturini’s sample. Nevertheless, the growth-enhancing role of human 
capital was also found to be important. Contrary to Venturini’s findings (ibid.) (which 
also include a significant contribution of ICT to GDP growth in the UK), Marrano et al. 
(2009) argue that the ‘information economy’ has made little difference to the UK’s 
macroeconomic performance.  
Venturini (2009) does not include in his sample Australian estimates of the impact of IT 
on productivity and GDP growth. Recently, Shahiduzzaman and Alam (2014b) using 
the same type of analysis as Venturini (ibid.) found that in the long-period (1965-2008) 
increased ICT capital made a noticeable contribution to growth in Australian GDP 
(exceeding its proportionate share of capital formation) and that it was a Granger-causal 
factor in this increase. However, they also found in an earlier article (Shahiduzzaman 
and Alam, 2014a) that the elasticity of this contribution was 0.001 in the period 1975-
90, reached a peak of 0.08 in the period 1991-99 and fell back to 0.07 in 2001-11. 
Neither the first nor the last mentioned result were however found to be statistically 
significant. When they examined labour productivity they found a similar pattern. The 
estimated elasticities were 0.004 for 1975-90, 0.11 for 1991-99 and 0.04 for 2001-11. 
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The first figure is statistically insignificant but the last two estimates were found to be 
statistically significant at the 5% level. Why there has been an apparent fall in the 
elasticity of the contribution of increases in ICT capital to GDP and labour productivity 
growth in Australia since 2000 has yet to be explained.  
The non-parametric approach is subject to several limitations. For example, the 
aggregate production of an economy may not be of a Cobb-Douglas type and, therefore, 
may not exhibit constant returns to scale. The assumption of perfect competition (which 
is an integral assumption when this method is adopted) may be violated. Furthermore, 
aggregate values for the inputs in the production function must be constructed using 
indices or proxies, and given the heterogeneity of these inputs, doubts can arise about 
the adequacies of these estimates.  
Parametric approaches to estimating the impacts of ICT on aggregate production are 
more direct in their approach than are non-parametric ones because they make fewer 
economic assumptions. For example, they do not suppose that economies are perfectly 
competitive. Nevertheless, they also rely on theoretical assumptions, for example, about 
the mathematical form of the aggregate production function, and indices of aggregate 
values of inputs must still be constructed. Frequently, but not always, a Cobb-Douglas 
function in log linear form is used for estimation purposes. In this macroeconomic 
function, gross output measured by the level of GDP is the dependent variable and the 
independent variables are the stock of ICT capital, the stock of non-ICT capital and L is 
the labour input variable. The log linear functional form has the advantage that the 
elasticities of responses of production to increases in value of the independent variables 
are easily identified.1 
Kretschmer (2012, p. 15) summarises available estimates of elasticities of production 
increases in relation to rises in ICT capital for the period 1980-2005. The majority of 
the estimates are for the US economy. Their modal value is 0.05 – 0.06 but actual 
estimates range from around –0.08 to almost 0.3. Kretschmer (2012, p. 15) points out 
that these estimated values have been increasing with the passage of time and by 2005 
were approaching on average, 0.1. The latter implies that for every 10% increase in ICT 
capital, GDP increases by almost 1%. Furthermore, examination of the scatter of values 
graphed by Kretschmer in his Figure 2 (ibid.) reveals that no negative estimates of this 
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elasticity value occur after 1990; all the negative values are for the period 1980-1990. 
These trends suggest that with the passage of time, the proportionate increase in 
production as a result a proportionate increase in ICT capital is rising. This may be due 
to several factors. For example, with the passage of time, 
• the size of networks (e.g. the number of persons and organizations connected to 
the web) has grown; 
• the amount of information on the web has expanded; 
• more individuals have become computer proficient; and  
• new vintages of ICT capital have been adopted which embody more efficient 
technologies than their predecessors. 
 
However, this type of inference is not supported by the econometric estimates of 
Shahiduzzaman and Alam (2014a) for Australia. They find that since 2000, the 
production-enhancing effects of increased ITC capital have waned. The reasons for this 
result are not yet known. Nevertheless, it may be partly a result of deficiencies in the 
measurement of variables utilized in the economic relationships. For example, 
Shahiduzzaman and Alam (2014a, p. 129) point out that they use Australian Bureau of 
Statistics data to measure IT capital stock. This consists of data on stocks of computers 
and peripherals, computer software and electrical and electronic equipment. This data 
needs to be scrutinized to decide how accurately it measures the stock of ITC capital. 
For example, to what extent is electrical equipment a form of IT capital? 
A possible problem in measuring the macro-contribution of ICT capital to GDP is that a 
considerable amount of ICT capital is used by households for personal consumption. It 
is not easy to disentangle consumption and production uses of ICT. If estimates of the 
magnitude of IT capital include stocks of household of ICT capital, this will 
undoubtedly impact on estimates of the productivity-enhancing consequences of 
increases in this stock. For example, in the period 2001-11, there appears to have been 
an upsurge in expenditure by Australian households on IT capital and this probably was 
more for the purposes of increased consumption rather than for adding to production. 
This effect might have influenced the productivity results obtained by Shahiduzzaman 
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and Alam (2014a). However, other hypotheses should also be explored.  
Using data from 25 OECD countries, including Australia, Czernich et al. (2011) 
conclude that increased broadband diffusion raises GDP per capita by 0.9 to 1.5 
percentage points for each 10 percent rise in broadband point section. This, however, 
does not distinguish between the increased consumption component of the rise and its 
productivity-enhancing effect.  
3. Industry-level and Firm-level Effects of ICT on Economic Activity, 
Economic Efficiency and Productivity: Microeconomics 
In some ways, it is easier to grasp the impacts of ICT on economic activity and 
productivity at the level of industries and firms than at the macro-level. Furthermore, 
the actual processes that can help to raise economic efficiency (or reduce it) are more 
easily identified by using disaggregated analysis. Unfortunately, there is a shortage of 
up-to-date studies of this kind for Australia.  
Value added in different industries by ICT 
Data from the USA indicate that in 2011, Internet-related activities added considerable 
value to all US industries (OECD, 2013, Table 3, p.24). Table 2 lists the top industries 
or sectors by decreasing rank according to the estimated total amount of value added to 
them by Internet-related activities in 2011. Government heads the list. Among other 
things, the Internet facilitates transactions, particularly market transactions, in all 
industries by reducing transaction costs and bounded rationality. 
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Table 2:  The top eight US industries ranked in decreasing order by the 
estimated size of the contribution of Internet-related activities to their 
value added in 2011 
 
Rank Industry or Sector 
1. Government 
2. Manufacturing 
3. Real estate 
4. Finance and insurance 
5. Educational services, health care and social assistance  
6. Retail trade 
7. Wholesale trade 
8. Information sector 
Source: Based on information in OECD (2013, Table 3, p. 24) 
Increased economic efficiency due to ICT 
ICT has the potential to increase economic efficiency by (1) reducing input costs (input 
use) in relation to output (that is by increasing technical efficiency) and (2) by enabling 
greater allocative efficiency to be achieved. In addition, it can elevate economic welfare 
by reducing market transaction costs. Consider each of these aspects in turn. 
Technical efficiency 
One of the economic advantages of the Internet and computers is that they save storage 
space because information does not need to be retained in hard copies. Consequently, 
many offices can be virtually ‘paperless’. Printed material (such as forms) can be 
downloaded as required. Given the availability of e-books and so on, less physical 
material needs to be housed in libraries and on shelves. Consequently, staff in many 
industries (particularly service industries) can be fitted into a smaller space reducing 
overhead costs, for example, rents for office space. Open-plan work areas appear to 
become more common in many service industries with the diffusion of ICT and these 
reduce the amount of space needed per employee and the costs of partitioning areas of 
work-space. 
As well, information technologies are often labour saving. For example, fewer staff are 
required (in many businesses) to supply information to customers or potential customers 
because much of this information can be accessed via the Internet. As an example 
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consider the widespread availability now of information about real estate on the 
Internet. There is also greater scope for buyers to engage in self-service, for instance, at 
retail outlets and this reduces the number of check-out staff required. This is not only 
true of supermarkets and similar outlets but also is important in finance and insurance. 
Increased allocative efficiency 
Apart from the role of increased technical efficiency in adding to economic welfare, 
improvements in allocative efficiency also add to economic welfare. Information 
obtained via the Internet can improve the knowledge of buyers about price offers and it 
may promote greater competition between suppliers. Both these factors can contribute 
to an increase in allocative efficiency. 
However, information obtained via the Internet is not perfect. It may, for example, be 
difficult to judge the quality of the product or resource being offered on the Internet and 
the reliability of the supplier. Consequently, asymmetry of information between buyers 
and sellers can be marked (even greater than in the absence of the Internet) resulting in 
the type of economic failures originally identified by Akerlof (1970). If fraud is 
prevalent in offers made via the Internet, marketing via the Internet could collapse 
because ‘the bad drives out the good’. Therefore, safeguards need to be built in to 
protect those trading via the Internet from fraud. This protection, of course, usually 
involves a cost. 
Reduced market transaction costs and economic efficiency 
Now consider possible increases in economic welfare as a result of IT reducing market 
transaction costs. ICT can potentially reduce the market transaction costs of both buyers 
and sellers. It is easy to show by using partial equilibrium analysis that if market 
demand and supply curves have a normal slope (and other things, remain constant), a 
reduction in the market transaction cost increases consumer surplus. This is so if either 
the market transaction costs of consumers or that of sellers is reduced or both.  
This is illustrated in Figure 1. In this figure, line D1D1 represents the demand for a 
product, X, given the market transaction costs prevailing prior to the introduction of 
ICT. D2D2 is that after ICT is introduced and lowers the market transaction costs for 
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consumers. The reduction in costs to consumers of each transaction is assumed (for 
convenience) to be a constant. S1S1 is the assumed supply curve for the product. 
Therefore, prior to the introduction of ICT the equilibrium of the market corresponds to 
E1. If only consumers have a reduction in their market transaction costs after ICT is 
introduced, market equilibrium becomes E2. Consumer surplus rises by an amount equal 
to the dotted area and producer surplus increases by an amount equal to the hatched 
area. Both parties gain.  
 
Figure 1: An illustration of how a reduction in market transaction costs made 
possible by ICT can increase both consumers’ and producers’ surplus. 
 
In addition, if after the introduction of ICT, the market transaction costs of producers 
declines resulting in an effective decline in the industry supply curve from S1S1 to S2S2, 
market equilibrium shifts to E3. Consequently, there is an additional rise in consumer 
surplus because the price of the product declines. Also given a parallel shift in the 
supply curve, producer surplus increases. However, if instead of shifting by a constant, 
the supply curve pivots so that its slope is reduced, producer surplus could fall (see 
Duncan and Tisdell, 1971). Nevertheless, consumer surplus still rises. 
C 
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Furthermore, it can be observed from Figure 1 that (given normal supply and demand 
relationships) a reduction in the market transaction costs of suppliers, generates a rise in 
consumer surplus, other things held constant (see also, Tisdell, 1996, Ch. 16). For 
example, if the market is originally in equilibrium at E1 and the market transaction costs 
of suppliers declines and results in a shift in the supply curve from S1S1 to S2S2, the 
equilibrium of the market alters to E4. The price of the product declines and consumer 
surplus rises. Moreover, in the case illustrated, producer surplus rises but it would not 
do so if the slope of line S2S2 is sufficiently small compared to that of S1S1. Despite the 
possibility of an eventual fall in aggregate producer surplus, market competition could 
still result in suppliers adopting ICT which lowers their market transaction costs. This is 
because early adopters will increase their income until laggards catch up in the adoption 
process.  
While reduced market transaction costs increase total economic welfare in a static 
setting, they may not do so in a dynamic setting. Lack of market frictions can in some 
circumstances make markets prone to destabilization as has been pointed out by Tobin 
(1978) and by Tisdell (2013, Ch. 8). Financial markets (including markets for securities) 
may become victims of such destabilization. Therefore, a reduction in market 
transaction costs does not always add to economic welfare.  
4. Additional Welfare Consequences of ICT and Observations on its Social 
Impacts 
Reduced prices for e-commodities 
Apart from potentially lowering market transaction costs2, ICT enables the price of 
some types of commodities to be reduced because fewer physical resources are used in 
their supply to consumers. Furthermore, in many cases, delivery costs and storage costs 
of stocks (inventories) decline when commodities can be electronically delivered. These 
commodities include e-books, e-music, e-movies, and so on. This increases the 
economic surplus of those consumers who consider these electronically delivered 
commodities to be close substitutes for hard copies. The lower cost of electronically 
delivered commodities is likely to result in a greater variety of these commodities 
becoming available to consumers. Brynjolfsson et al. (2003) have argued that the 
12 
 
development of online bookstores (such as Amazon) has added much more to 
consumers’ surplus by increasing available product variety than by increasing 
competition and lowering prices. It is also apparent that the appearance of e-books has 
resulted in it being economic to publish more books and re-issue previously published 
books in e-form in cases where this would be uneconomic for hard copies.  
On the other hand, not all consumers find electronic commodities to be suitable 
substitutes for hard commodities. Some individuals prefer hard copies of books to e-
books and printed newspapers to e-newspapers. The advent of e-commodities can result 
in these consumers paying more than otherwise for hard copies if the availability of e-
versions reduces sales of hard copies and the supply of hard copies is subject to 
economies of scale. In some cases, the production of hard copies may no longer be 
economic thereby reducing the available variety of this material. The consumer surplus 
of this set of consumers is reduced. Similarly, there may be a tendency for electronic 
transfers for payment of accounts to crowd out payment by alternative means, for 
example, by cheque. There is also the possibility that the supply of some commodities 
will be reduced due to internet pirating for example, of movies, books and music. This 
could reduce consumer welfare in the long-run. 
Need for an holistic approach 
In assessing the welfare effects of ICT, it is important to take a holistic approach 
because human beings are not only consumers. Their welfare also depends on their 
scope for earning a living, their conditions of work, and the type of the society they live 
in. ICT has impacts on all these aspects of human existence. One must go beyond a 
narrow economic approach in industry, the consequences of technological change. 
The impact of ICT on employment and income distribution 
The impact of ICT on aggregate employment and the distribution of income is not well 
known. It has, added to the demand for ICT specialists but on the other hand, it has and 
continues to displace labour in many occupations, as was mentioned above. In 
particular, lower level clerical and similar staff in service industries have been reduced 
in number by labour-saving ICT. Furthermore, in many cases, ICT has made it more 
economical to shift some of the work involved in service industries offshore thereby 
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placing greater pressure on the domestic labour market. Moreover, as considered below, 
the scope for shifting work offshore is not confined to lower skilled tertiary workers but 
occurs for more highly-skilled tertiary workers, for example in education, including 
university education. 
It has been observed both in Australia, in the United States and in the UK (Marrano et 
al., 2009) that the share of profits relative to wages in national income has risen in 
recent years. Real wage levels have tended to stagnate. There may be many reasons for 
this. They could include more competitive labour markets and increased economic 
globalization but greater use of labour-saving technology (including ICT) may also have 
had an impact on this trend. While labour-saving technology and technology which 
enables foreign labour to be substituted for domestic labour (both attributes of ICT) 
need not result in greater general unemployment, it can reduce the aggregate demand for 
labour and restrict growth in the level of wages. 
Health concerns and ICT 
The increased adoption of ICT raises several health issues and other social concerns. As 
a result of increased use of ICT, work in several occupations has become more 
sedentary. In some occupations, employees now sit for long-periods of time using 
computers and have little exercise on the job. They also work in relatively cramped 
spaces in open-areas sometimes in long rows as for example, in the Australian 
Broadcasting Corporation’s (ABC) studios in Brisbane where a 100 or so operators 
continually monitor different web-sites searching for material that may be newsworthy. 
Increased lack of exercise by members of the workforce due to technical change is 
considered to be a growing problem both in rural and urban areas. 
This problem is made worse if outside of work hours, individuals spend a considerable 
amount of time engaging in sedentary activities made possible by ICT. The extent to 
which individuals do this varies but in some cases, individuals are addicted to these 
activities and this results in health problems and can have negative effects on social 
activities. 
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The Internet as a consumptive good 
It is apparent from American data on the use of the Internet that probably a half or more 
of the time spent on the Internet is (on average) for consumptive purposes rather than 
productive purposes. This does not seem to be well accounted for in economic studies 
of the impact of ICT on productivity. According to an American study quoted in OECD 
(2013, p.49), in June 2010, social networks accounted for 22.7% the time Americans 
spent on the Internet, followed by online games at 10.2%. Videos/movies plus multi-
category entertainment accounted for a further 6.7%. Emails and instant messaging took 
up 12.3% of the time but it is difficult to know the extent to which these messages were 
for consumptive or productive purposes. However, overall it seems highly probable that 
more time is spent on the Internet for consumptive than productive purposes. The 
situation in Australia is probably similar to that in the USA. 
Social interaction and ICT 
Advances in ICT have had both positive and negative effects on the nature of social 
interaction. This makes the overall assessment of its social effects difficult. The 
following are some of the observed positive effects:  
• Individuals may extend their social contacts by using ICT. 
• ‘Shy’ individuals may be more willing to make social contacts via ICT than 
directly. 
• ICT makes it easier to extend the duration of social contacts. 
 
Negative effects can include: 
• Reduced direct social contacts due to electronic communications being 
substituted for direct interaction. 
• Reduced direct social contact as a result of extra time being spent on the 
Internet. This may, for example, adversely affect family cohesiveness and the 
well-being of children.3 
• Increased risk of injury to users and others of the use of electronic devices (such 
as mobile phones) in public spaces, for example, ‘texting’ while driving a motor 
vehicle. 
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• Addiction to e-games and other forms of Internet activity can result in 
individuals failing to cope adequately with life’s challenges. 
• The Internet may be used for cyber-bullying, for libel and ‘smear’ campaigns. 
• Fraud and cyber-crime occur on the Internet with adverse social and economic 
consequences. 
• A reduction in privacy as a result of information posted on the Internet is 
another concern. 
 
Environmental effects of ICT 
The net effect of the Internet on the natural environment is unclear (OECD, 2012, p. 
15). However, ICT enables some solutions to be obtained to resource-use which save 
resources and which are environmentally friendly. In principle, the Internet should also 
reduce the amount of paper used thereby sparing many trees and similar material used 
for paper-making and reducing carbon dioxide emissions. The extent to which this has 
happened is not known. In any case, global forest cover continues to decline as 
economic growth continues. Furthermore, OECD (2012, p. 15) states that ‘even though 
the Internet has traditionally been viewed as a low-carbon impact alternative to 
traditional activities, some studies point at the potently high carbon footprint of the 
Internet itself, by growing greenhouse gas emissions per hour of electricity use’. The 
safe disposal of ICT equipment can also be challenging and the production of rare earths 
for use in some electronic equipment is hazardous.  
ICT in education and research 
Advances in ICT have created new opportunities for education and research, including 
scope for reducing the costs associated with these activities. The following economic 
and related benefits are possible in education:  
• Reduced space is needed for storing copies of books, research papers, 
correspondence and so on. ‘Paperless’ offices are possible. Libraries have less 
physical material to store, to catalogue, need less labour to stack books and so 
on. 
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• The scope for on-line learning increases. This reduces the need for teaching or 
lecturing to large classes. This also reduces space requirements. Advantage can 
be taken of experts outside of individual educational institutions to contribute to 
lectures or teaching thereby economizing on staff who would otherwise be 
involved in these activities. At an aggregate level, fewer lectures need to be 
prepared and economies of scale in teaching become possible. Individuals in 
remote locations can benefit from teaching by experts without these being 
physically present.  
• The reduction in lecturers or teaching material prepared in-house decreases the 
number of staff needed for this purpose. They can be re-deployed to provide 
more tutorials, demonstrations, and to assist students with practical work. In 
some cases, staff would also have more time for research instead of teaching.  
 
At the same time, there are some possible negative effects of increased use of ICT in 
educational institutions. Reliance on a few ‘experts’ to provide most lecture material 
online could globally reduce the diversity of ideas to which students are introduced. It is 
also possible, in some cases that such material will not transmit relevant cultural values 
and appropriate institutional material. For example, reliance on lectures by experts from 
a foreign country may result in students not being aware of the relevant social contexts 
in their own country, for example, Australian and American social contexts are 
different. These differences are important for many subject but not for all. There is also 
the danger of excessive reliance on computer-based marking of examinations. As a 
result, there is likely to be less testing than otherwise of the ability of students to 
explain, analyse and assess phenomena. Those who display original thinking may not be 
identified. This is a serious drawback of this approach. 
As far as research is concerned, advances in ICT also have advantages and drawbacks. 
A major advantage is that the research results of others can be assessed more quickly 
and at lower cost than in the absence of ICT. On the other hand, while online publishing 
increases the number of research articles and other material able to be published, many 
may not be subject to adequate screening or peer review. Articles of dubious value and 
which make little or no contribution to knowledge may be published. This can result in 
researchers experiencing an information-overload and add to their search costs, even 
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though the latter can be partly mitigated by the use of search engines. This explosion in 
the volume of online publications results in demands for accreditation of publications, 
for example, by university authorities. However, these schemes can disadvantage the 
production of new journals, and those scholars who expound values differing from 
mainstream ones. 
ICT in the health industry 
Advances in ICT have resulted in economic benefits in the health industry. They have 
facilitated the operation of medical practices involving multiple doctors or medical staff 
because patient records can be shared online. Moreover, physical records can be 
replaced by electronic records thereby saving space and time. Furthermore, medical 
practitioners can access up-to-date information that can assist them in treating their 
patients. Some patients may also use the Internet to diagnose and treat their own 
ailments. However, there are also dangers in this because medical information on the 
Internet is not always reliable and individuals can be mistaken in their diagnosis. 
Comparative benefits of ICT to rural residents 
Access to the Internet is probably of greater advantage to rural residents than to those in 
large cities. Compared to city-dwellers, rural residents appear to have a greater 
reduction in their cost of accessing material (such as information services and 
entertainment material) for which the Internet provides an alternative source of supply. 
Rural residents have greater access to educational services of higher quality than in the 
absence of ICT. They also have a significant expansion in the variety of goods they can 
purchase as a result of the availability of online purchasing. 
Despite these benefits the use of Internet services can have negative effects on rural 
communities and towns. Local employment in some service industries, for example, 
banks and other financial institutions and retail outlets may disappear or be reduced. 
This reduces the scope for direct social contacts in rural towns and can hasten their 
decline. Many local rural towns may become less sustainable as a result of the 
widespread use of the Internet. On the whole, increased use of the Internet makes 
economic exchange more impersonal. For some, this involves negative social 
psychological consequences. 
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5. Conclusions 
According to a review of macroeconomic studies by Kretschmer (2012), the 
introduction of ICT has had a substantial effect in raising GDP and that this effect is 
increasing. However, estimates of the elasticity of these productivity-enhancing impacts 
vary considerably. In Australia’s case, Shahiduzzaman and Alam (2014a) provide 
evidence that the elasticity of GDP growth in relation to ICT capital has always been 
below 0.1 and has declined in recent times. Nevertheless, it has been as high as 0.8 and 
their most recent estimate of it is 0.7. Moreover, the long-term contribution to growth of 
Australia’s GDP of ICT capital relative to non-ICT capital based on the estimates of 
Shahiduzzaman and Alam (2014b, Table 6) are much lower than those for the United 
States and for EU–15 based on the estimates of Venturini (2009, p. 504, Table 1). 
The adoption of ICT differs between industries or sectors of the economy but is 
important in all industries. Overall, the greatest value added by ICT is in the tertiary or 
service sector, even though in the USA it is also high in manufacturing. There is a need 
for more Australian studies of the impacts of IT on particular sectors and industries in 
the economy, as well as case studies at the level of the firm. 
ICT reduces market transaction costs and the amount of resources required to deliver 
many commodities. As a result effective prices of many commodities are reduced, 
consumer surplus rises in most cases, and producer surplus may also rise. However, 
those who prefer hard copies of commodities to e-copies (where these are alternatives) 
may be disadvantaged. 
The advent of ICT has resulted in significant restructuring of labour markets. It may 
have contributed to sluggish real wage growth in Australia, the USA and the UK and 
the fall in wages as a proportion of national income. Although the Internet has had some 
positive social consequences, it has also had negative social impacts which were 
identified and which call for public intervention. In addition, the environmental 
consequences of ICT technology appear to be mixed. 
Considerable benefits from the use of ICT in the education, research and health sectors 
were identified. Nevertheless, the increased use of ICT in education and research can 
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have negative consequences, some of which were discussed. Furthermore, as pointed 
out, increased use of ICT and the Internet has both positive and negative consequences 
for the welfare of rural commodities. 
While most economic studies of the value of ICT concentrate on the use of the Internet, 
it should also be realized that there are many modern information technologies that do 
not depend on the Internet, or do so only to a limited extent. They include the use of 
robots and drones to provide information as well as satellite communications (for 
instance Global Positioning Systems, GPS) and other techniques, such as CT scans. 
Some of these techniques are of considerable value in agriculture and other industries 
but their economics has not received much attention yet.4 
In conclusion, it might be noted that historically major innovations in information and 
communication technology have been significant influences on economic growth and 
social change. The development of writing and its transmission on clay tablets in 
Sumeria some 5500 years ago was one such early innovation. For example, it facilitated 
the development of state administration and enabled written agreements to be made, 
including written contracts. Many other important innovations in ICT occurred in 
subsequent millennia but most relied on hard copies for communication of information. 
The development of computer technology and the communication of information 
electronically (for example, via broadband) has in many (or most) cases made 
communication by hard copy obsolete, and has already begun to act as a catalyst for 
major economic and social changes, several of which have been identified in this 
discussion.5 
6. Notes 
1. Apart from the adequacy of the economic modelling of production functions and 
labour productivity, the accuracy of ‘observed’ values of variables relevant to the 
econometric estimation of these relationships requires special attention (for 
example, Dolman, 2009; Quiggin, 2006). Differences in the way in which these 
variables are measured in different countries also complicates international 
comparisons. 
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2. Note also that ICT by lowering market transaction costs (i) extends the geographical 
range of markets and (ii) can make some commodities marketable which otherwise 
would not be economic to market, for instance, some second-hand goods. These 
attributes also have economic benefits. 
3. It is claimed (Gambotto-Burke, 2014) that in many cases, use of the Internet is 
causing disconnection in families and failure in parenting.  
4. A matter which has not been discussed in this paper in the optimal economic rate of 
obsolescence in ICT. The rate of obsolescence in ICT is determined to a large extent 
by those who control IT networks. This rate may be too rapid or too slow from a 
social economic welfare point of view.  
5. I would like to thank Khorshed Alam for his useful feedback on an earlier version of 
this article. The usual caveat applies. 
7. References 
Akerlof, G. (1970), 'The market for lemons: quality and the market mechanism', 
Quarterly Journal of Economics,  84, 488-500.  
Anon (2014), 'Information and communications technology', Wikipedia. Available at 
http://en.wikipedia.org/w/index.php?title=Information_and_communications_tec
hnology.  [Accessed 10 June 2014]. 
Brynjolfsson, E., J. Hu and M.D. Smith (2003), 'Consumer surplus in the digital 
economy: estimating the value of increased product variety at online 
booksellers', Management Science,  49, 1580-1596.  
Czernich, N., O. Falck, T. Kretschmer and L. Woessmann (2011), 'Broadband 
infrastructure and economic growth', The Economic Journal,  121, 505-532.  
Dolman, B. (2009), 'What happened to Australia's productivity surge?', Australian 
Economic Review,  42, 243-263.  
Duncan, R. and C. Tisdell (1971), 'Research and technical progress: the returns to 
producers', The Economic Record,  47 (124-120)  
Gambotto-Burke, A. (2014). 'Breaking point', Courier Mail Q Weekend, June 21-22.  
p.21-23.  
Kretschmer, T. (2012), 'Information and Communication Technologies and Productivity 
Growth: A Survey of the Literature', OECD Digital Economy Papers No. 195 
21 
 
[Online] OECD Publishing.  Available http://dx.doi.org/10.1787/5k9bh3jllgs7-
en. 
Marrano, M.G., J. Haskel and G. Wallis (2009), 'What happened to the knowledge 
economy? ICT, intangible investment and Britain's productivity record 
revisited', Review of Income and Wealth,  55, 686-716.  
OECD (2012), 'The Impact of Internet in OECD Countries', OECD Digital Economy 
Papers No. 200 [Online] OECD Publishing.  Available 
http://dx.doi.org/10.1787/5k962hhgpb5d-en. 
OECD (2013), 'Measuring the Internet Economy: A Contribution to the Research 
Agenda', OECD Digital Economy Papers No. 226 [Online] OECD Publishing 
Available http://dx.doi.org/10.1787/5k43gjg6r8jf-en. 
Quiggin, J. (2006), 'Stories about productivity', Australian Bulletin of Labour,  12, 18-
26.  
Shahiduzzaman, M. and K. Alam (2014a), 'Information technology and its changing 
roles in economic growth and productivity in Australia', Telecommunication 
Policy,  38, 125-135.  
Shahiduzzaman, M. and K. Alam (2014b), 'The long-run impact of information and 
communication technology on economic output: the case of Australia', 
Telecommunication Policy,  38, 623-633.  
Solow, M.M. (1957), 'Technical change and the aggregate production function', Review 
of Economics and Statistics,  39, 312-320.  
Tisdell, C.A. (1996), Bounded Rationality and Economic Evolution, Cheltenham, UK 
and Brookfield, VT, USA: Edward Elgar. 
Tisdell, C.A. (2013), Competition, Diversity and Economic Performance, Cheltenham, 
UK and Northampton, MA, USA: Edward, Elgar. 
Tobin, J. (1978), 'A proposal for international monetary reform', Eastern Economic 
Journal,  4, 153-159.  
Venturini, F. (2009), 'Long-run impact of ICT', Empirical Economics,  37, 497-515.  
22 
 
 
 
 
 
 
APPENDIX 
 
ACCOMPANYING POWERPOINT SLIDES 
  
23 
 
24 
 
25 
 
26 
 
27 
 
28 
 
29 
 
30 
 
31 
 
32 
 
33 
 
34 
 
35 
 
36 
 
37 
 
 
38 
 
 
 
  
39 
 
 PREVIOUS WORKING PAPERS IN THE SERIES 
ECONOMIC THEORY, APPLICATIONS AND ISSUES 
 
1. Externalities, Thresholds and the Marketing of New Aquacultural Products: Theory and 
Examples by Clem Tisdell, January 2001. 
2. Concepts of Competition in Theory and Practice by Serge Svizzero and Clem Tisdell, 
February 2001. 
3. Diversity, Globalisation and Market Stability by Laurence Laselle, Serge Svizzero and 
Clem Tisdell, February 2001. 
4. Globalisation, the Environment and Sustainability: EKC, Neo-Malthusian Concerns and 
the WTO by Clem Tisdell, March 2001. 
5. Globalization, Social Welfare, Labor Markets and Fiscal Competition by Clem Tisdell and 
Serge Svizzero, May 2001. 
6. Competition and Evolution in Economics and Ecology Compared by Clem Tisdell, May 
2001. 
7. The Political Economy of Globalisation: Processes involving the Role of Markets, 
Institutions and Governance by Clem Tisdell, May 2001. 
8. Niches and Economic Competition: Implications for Economic Efficiency, Growth and 
Diversity by Clem Tisdell and Irmi Seidl, August 2001. 
9. Socioeconomic Determinants of the Intra-Family Status of Wives in Rural India: An 
Extension of Earlier Analysis by Clem Tisdell, Kartik Roy and Gopal Regmi, August 2001. 
10. Reconciling Globalisation and Technological Change: Growing Income Inequalities and 
Remedial Policies by Serge Svizzero and Clem Tisdell, October 2001. 
11. Sustainability: Can it be Achieved? Is Economics the Bottom Line? by Clem Tisdell, 
October 2001. 
12. Tourism as a Contributor to the Economic Diversification and Development of Small 
States: Its Strengths, Weaknesses and Potential for Brunei by Clem Tisdell, March 2002. 
13. Unequal Gains of Nations from Globalisation by Clem Tisdell, Serge Svizzero and 
Laurence Laselle, May 2002. 
14. The WTO and Labour Standards: Globalisation with Reference to India by Clem Tisdell, 
May 2002. 
15. OLS and Tobit Analysis: When is Substitution Defensible Operationally? by Clevo Wilson 
and Clem Tisdell, May 2002. 
16. Market-Oriented Reforms in Bangladesh and their Impact on Poverty by Clem Tisdell and 
Mohammad Alauddin, May 2002. 
17. Economics and Tourism Development: Structural Features of Tourism and Economic 
Influences on its Vulnerability by Clem Tisdell, June 2002. 
18. A Western Perspective of Kautilya’s Arthasastra: Does it Provide a Basis for Economic 
Science? by Clem Tisdell, January 2003. 
19. The Efficient Public Provision of Commodities:  Transaction Cost, Bounded Rationality 
and Other Considerations. 
20. Globalization, Social Welfare, and Labor Market Inequalities by Clem Tisdell and Serge 
Svizzero, June 2003. 
21. A Western Perspective on Kautilya’s ‘Arthasastra’ Does it Provide a Basis for Economic 
Science?, by Clem Tisdell, June 2003. 
22. Economic Competition and Evolution: Are There Lessons from Ecology? by Clem Tisdell, 
June 2003. 
23. Outbound Business Travel Depends on Business Returns: Australian Evidence by Darrian 
Collins and Clem Tisdell, August 2003. 
40 
 
24. China’s Reformed Science and Technology System: An Overview and Assessment by 
Zhicun Gao and Clem Tisdell, August 2003. 
25. Efficient Public Provision of Commodities: Transaction Costs, Bounded Rationality and 
Other Considerations by Clem Tisdell, August 2003. 
26. Television Production: Its Changing Global Location, the Product Cycle and China by 
Zhicun Gao and Clem Tisdell, January 2004. 
27. Transaction Costs and Bounded Rationality – Implications for Public Administration and 
Economic Policy by Clem Tisdell, January 2004. 
28. Economics of Business Learning: The Need for Broader Perspectives in Managerial 
Economics by Clem Tisdell, April 2004. 
29. Linear Break-Even Analysis: When is it Applicable to a Business? By Clem Tisdell, April 
2004. 
30. Australia’s Economic Policies in an Era of Globalisation by Clem Tisdell, April 2004. 
31. Tourism Development as a Dimension of Globalisation: Experiences and Policies of China 
and Australia by Clem Tisdell, May 2004. 
32. Can Globalisation Result in Less Efficient and More Vulnerable Industries? by Clem 
Tisdell, October 2004. 
33. An Overview of Globalisation and Economic Policy Responses by Clem Tisdell, 
November 2004. 
34. Changing Abundance of Elephants and Willingness to Pay for their Conservation by 
Ranjith Bandara and Clem Tisdell, December 2004. 
35. Economic Globalisation: The Process and its Potential Social, Economic, and 
Environmental Impacts by Clem Tisdell, October 2005. 
36. Introduction: An Overview and Assessment of The Economics of Leisure by Clem Tisdell, 
November 2005. 
37. Globalisation and the Economic Future of Small Isolated Nations, Particularly in the 
Pacific by Clem Tisdell, November 2005. 
38. Business Partnerships in a Globalising World: Economic Considerations by Clem Tisdell, 
December 2005. 
39. Economic and Business Relations Between Australia and China: An Overview and an 
Assessment by Clem Tisdell, November 2006. 
40. China’s Economic Performance and Transition in Relation to Globalisation: From Isolation 
to Centre-Stage? by Clem Tisdell, November 2006. 
41. Knowledge and the Valuation of Public Goods and Experiential Commodities: Information 
Provision and Acquisition by Clem Tisdell, November 2006. 
42. Students’ Evaluation of Teaching Effectiveness: What Surveys Tell and What They Do Not 
Tell by Clem Tisdell and Mohammad Alauddin, November 2006. 
43. Economic Prospects for Small Island Economies, Particularly in the South Pacific, in a 
Globalising World by Clem Tisdell, November 2006. 
44. The Evolution and Classification of the Published Books of Clem Tisdell: A Brief 
Overview by Clem Tisdell, July 2007. 
45. Cost-Benefit Analysis of Economic Globalization by Clem Tisdell, January 2008. 
46. Economic Benefits and Drawbacks of Cities and their Growth Implications by Clem 
Tisdell, January, 2008. 
47. Interfirm Networks in the Indonesian Garment Industry: Trust and Other Factors in their 
Formation and Duration and their Marketing Consequences by Latif Adam and Clem 
Tisdell, April, 2008. 
48. Trust and its Implications for Economic Activity, Welfare and Globalisation by Clem 
Tisdell, April, 2008. 
49. Economics, Corporate Sustainability and Social Responsibility by Clem Tisdell, May 2008. 
50. Structural Transformation in the Pig Sector in an Adjusting Vietnam Market: A 
Preliminary Investigation of Supply-side Changes by Clem Tisdell, September 2008 
41 
 
51. Thirty Years of Economic Reform and Openness in China: Retrospect and Prospect by 
Clem Tisdell, October 2008. 
52. Quantitative Impacts of Teaching Attributes on University TEVAL Scores And Their 
Implications by Clem Tisdell and Mohammad Alauddin, April 2009. 
53. A Comparative Economic Study of the Chinese and Australian Cotton Production by Xufu 
Zhao and Clem Tisdell, May 2009 
54. Trends in Vietnam’s Pork Supply and Structural Features of its Pig Sector by Clem Tisdell, 
May 2009. 
55. Economic Reform and Openness in China: China’s Development Policies in the Last 30 
Years by Clem Tisdell, June 2009. 
56. The Survival of Small-scale Agricultural Producers in Asia, particularly Vietnam: General 
Issues Illustrated by Vietnam’s Agricultural Sector, especially its Pig Production by Clem 
Tisdell, June 2009. 
57. Economic Benefits and Drawbacks of Cities and their Growth Implications by Clem 
Tisdell, September 2009. 
58. Economic Challenges Faced by Small Island Economies: An Overview by Clem Tisdell, 
September, 2009. 
59. Natural Protection from International Competition in the Livestock Industry: Analysis, 
Examples and Vietnam’s Pork Market as a Case by Clem Tisdell, Ma. Lucila Lapar, Steve 
Staal and Nguyen Ngoc Que. November, 2009. 
60. Agricultural Development in Transitional Asian Economies: Observations Prompted by a 
Livestock Study in Vietnam by Clem Tisdell. May 2010 
61. An Economic Study of Small Pigholders in Vietnam: Some Insights Gained and the Scope 
for Further Research by Clem Tisdell, May 2010. 
62. The Excitement and Value of Discovering Tourism Economics: Clem Tisdell’s Journey by 
Clem Tisdell, May 2010. 
63. The Competitiveness of Small Household Pig Producers in Vietnam: Significant Research 
and Policy Findings from an ACIAR-sponsored Study and their Limitations by Clem 
Tisdell, November 2010. 
64. Animal Health Economics. What Can It Do? What Are The Big Questions? By Clem 
Tisdell December 2010. 
65. Agriculture, Structural Change and Socially Responsible Development in China and 
Vietnam. By Clem Tisdell, April 2012. 
66. My Book, “Economic Development in the Context of China”: Its Origins plus Experiences 
in China in 1989 and their Sequel”. Clem Tisdell, August, 2013. 
67. Information Technology’s Impacts on Productivity, Welfare and Social Change: General 
Observations. Clem Tisdell, July, 2014. 
68. Theories about the Commencement of Agriculture in Prehistoric Societies: A 
Critical Evaluation by Serge Svizzero and Clement Tisdell, August 2014. 
69. Inequality and Wealth Creation in Ancient History: Malthus’ Theory Reconsidered 
by Serge Svizzero and Clement Tisdell, September, 2014. 
 
 
